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(54) Laboratory reactor apparatus for automated synthesis of peptides 



(57) A laboratory reactor apparatus includes a suc- 
tion tube (50), at least a portion of which has a constrict- 
ed inside diameter (54.). The lower portion of the suction 
tube (50) is sealed to a sintered frit filter medium (50f). 
The suction tube mounts (50) in a reactor block into a 
reactor vial ( 1 2) for receiving chemical components. An 
inlet channel ( 13) with a first seal (25) is formed through 



the block and conveys chemical component materials 
to the vial (12). and a suction channel (4<) with a second 
seal (30). coaxial with the suction tube (50). is used to 
remove resultant chemical compound materials there- 
from. A pressurized gas channel (22) containing inert 
gas is formed through the block lo intersect the suction 
channel (4c) and the inlet channel. 
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Description 

This invention relates to the automatically mecha- 
nized combining of chemical components and the syn- 
thesis and evaluation of compounds therefrom, and 
more particularly to a reactor flask used therefor and 
transmission of ingredients into and cut of such Masks. 

Contemporary chemical research and development 
involves the creation and evaluation of numerous chem- 
ical compounds from which a meager few emerge as 
ultimately successful commercial products. The classi- 
cal portrait of a laboratory scientist selecting, mixing 
and. reacting chemical components and testing the re- 
sultant compounds has been largely replaced with mod- 
ern, computerized machinery with robotic servers se- 
quentially creating substantially alt possible combina- 
tions to screen the multitudinous choices thoroughly. 
Automated synthesis has been acknowledged to be pre- 
ferred in order to preclude accidentally missing an un- 
odvious. but beneficial choice. 

A particular system for selecting and ccmomtng in- 
gredients warming and agitating (he mix and removing* 
the resuitant ccmpcunc for evaluative resting is exem- 
plified by GENESIS™ roootic sample processors, sup- 
plied by Tecan US. inc. of Researcn Tnangie Park. North 
Carciina The GENESIS™ processor utilizes up to eight 
aspiration and injection tips mounted cn a robotic arm. 
This sample processor is capable cf transferring liquids 
to and frcm a multitude of reaction chamoers and vials 
installed on the working surface of the instrument. The 
entire operation, including the washing of vessels be- 
tween successive reaction cycles, is controlled by a pro- 
grammed computer. 

This automated process is primarily directed to the 
solid phase synthesis of peptides and medicinal com- 
pounds using solia supports ( resins). The resins are typ- 
ically small beads ranging in size from 'Oum to 1 00 urn 
in diameter which include reactive sites for the covalent 
bonding of reactant molecules. Resins are added as a 
dry powder or in a solvent-based slurry to individual re- 
action chambers. Through a series of building block ad- 
ditions and subsequent chemical reactions, the desired 
chemical compounds are synthesized. Excess reac- 
tants and by-products are removed from the reaction 
chamoers by aspirating the liquids through a filtenng frit, 
leaving the larger resin beads with covalently bended 
molecules within the chamber After the desired mole- 
cule is thus synthesized, it is cleaved off the resin bead 
by chemical reactions, leaving the desired molecule in 
sotution. The isolated compound is then removed from 
the chamber through the filter frit, leaving the resin bead 
in the chamber 

In the prior art. the reaction chamber is typically a 
cavity formed within a Teflon reactor block. A sealing 
membrane, or septum, is affixed to the block to seal the 
top of the chamber The bottom of the chamber is cov- 
ered with a glass frit that allows the solvent to pass 
through to the bottom of the chamber, leaving the resin 



within. A tube is attached to each chamb r below the 
glass frit extending upwardly to a height comparable to 
the top of the chamber and back down to the bottom of 
the block. The serpentine tubing serves as a trap, or 
valve, to prevent the solvent from draining out of the 
chamber In the prior art. a transverse channel is ma- 
chined into the block to connect a common pressurized 
inert gas source to all the chambers. When gas is intro- 
duced and a sufficient amount of pressure is applied 
(2-3 lb/in 2 ), the liquid m the reaction chamber is forced 
through the frit and lower tubing, simultaneously evac- 
uating all chambers of liquid, but leaving the resin within 
the chamber 

The known apparatus described has the drawback 
that the chemicals are m constant contact with the ma- 
terial of the block. The block materials of choice have 
been either stainless steel or TEFLON® (E.I. duFcnt Oe 
Numours Company) poiytetrafluorcethylene resin, each 
having certain limitations. While stainless steel is sub- 
stantially impervious to chemical attack, it is quite heavy 
and it conducts heat well. TEFLON® is fairly chemically 
inert, but will be affected by certain chemicals With ei- 
ther material, the cleaning of cueing and macnined hcies 
is difficult and unreliable. 

In the suction tube of the invention as well as that 
of the prior art. a sintered glass frit is fused m sealed 
relation to the lower end of the suction tube to ac: as a 
filter to separate the resin crystals and remove the fluid 
from the flask. However, as a matrix of glass beacs and 
30 interstitial cavities, the frit tends to act as a caoiilary 
when immersed into the liquid in the flask. As more fully 
described below, this caoiilary action tends to occlude 
the frit and upset the fluid control required in the reactor 
system, causing operational difficulties and distorted 
& evaluations. In particular, when fluid is added to the Mask 
frcm an inlet tube, due to the saturated f n't." fluid rises in 
the suction tube to become isolated frcm the rest of the 
reaction material. 

8eside the cleaning problem discussed above, in 
^ order to maintain purity in the reactor vessel, the ingre- 
dients must be added from clean sources and the vessel 
sealed before and during the reaction cycle. A sealing 
membrane, or septum, typically covers the entrance to 
the mlet and outlet tubes. Instillation tips used must pen- 
^ etrate the septum, and the septum must be chemically 
inactive and sealable. Although a natural iatex septum 
would provide an adequate seal, latex is not sufficiently 
impervious to chemical attack for general use. A better, 
and commonly used, choice for chemical purity is a TE- 
f FLON® coated-silicone rubber composite sheet. The 
silicone provides the resiliency needed for sealing and 
the TEFLON® provides the chemical inactivity. Howev- 
er the TEFLON® is not a perfect choice for chemical 
resistance, as noted above, and the silicone does not 
ss c tose after penetration as well as a latex sheet Since 
TEFLON® do s exhibit som reactivity to the chemical 
agents, it is important to minimize the exposed surface 
area of the septum to the chemicals in th reaction 
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chamber and remove the septum a distance from th 
reactive solvents. 

It is therefore an object of this invention to provide 
a laboratory reactor apparatus combining a reactor ves- 
sel in sealed contact with an inlet channel and a suction 5 
tube such that the suction tube is free of fluid until a vac- 
uum is applied. 

It is an additional object of this invention to provide 
an improved seal for the inlet and outlet tubes of such 
reactor vessel to prevent leakage. to 

It is a further object of this invention to provide a 
reactor apparatus which permits evacuation of resultant 
chemical products from each such reactor vessel inde- 
pendent of other such flasks. 

The prQierrQ<i apparatus of the invention provides t$ 
an improved reactor apparatus having a detachably 
mounted reactor vessel and sealingiy connected inlet 
and cutlet channels. A reactor block for mounting the 
reactor vessel has an angular inlet channel and a linear 
cutlet channel mounting a suc:;cn tube ccnnectec :o the 
vessel. Each of the inlet and outlet channels is sealed 
by means of a chamber filled with pressurised gas to 
prevent leakage to atmosphere. The sucticn tube for ex- 
tracting the resultant chemical compound from the re- 
actor vessel fits snugly within the outlet channel formed 
by a bcra m the reactor block. The suction tube also has 
a vent hole at a level and location which allows pressure 
created in the reactor vessel to escape up the suction 
tube and out the vent hole to aqualize m the bore adja- 
cent the suction tube m the outlet channel. 

The invention will now be described, by way of ax- 
ample only, with reference to the accompanying draw- 
ings, m which: 

Figure 1 is a front elevation cross section of a reac- 
tor block of the earlier patent aoplicanon with a known 
reactor vessel or vial and suction tube (not in cross sec- 
tion) connected thereto and with the sealing compo- 
nents of the suction tube portion shown in exploded re- 
lation for clarity. 

Figure 2 illustrates the reactor apparatus of Figure 

1 with a liquid m the reactor vial rising by capillary action 
in the frit portion of the suction tube. 

Figure 3 illustrates the reactor apparatus of Figure 

2 with additional liquid flowing into the reaciar vial and 
being forced up tnto the suction tube. -5 

Figure 4 is a front elevation view of a suction tube 
of the invention in which a segment of a constricted bore 
portion thereof is broken away for clarity 

Figure 5 is a front elevation view of a known fluid 
extraction needle used in conjunction with the invention, so 

Figure 3 is a front elevation view of a reactor block 
of the invention with a known reactor vial and a sucnon 
tube of Figure 4 having a segment thereof broken away 
to show a vent hole and with additional liquid flowing into 
the reactor vial and not rising m the suction tub . 55 

Figure 7 illustrates th reactor apparatus of Figure 
6 with the extraction needle of Figure 5 inserted slidingly 
within the narrow bore of the suction tube. 



Figure 3 is an enlarged top plan view of a spacer 
formed with gas flow channels for use in the apparatus 
of the present invention as well as in the apparatus of 
th invention of the pnor patent application. 

Figure 9 is an enlarged view of a portion of Figure 
5 with the addition of fluid pressure-tndicating arrows for 
purposes of discussion 

The preferred embodiment of the invention pro- 
vides an improved reactor block and reactor vial or ves- 
sel for use m automated chemical synthesis over those 
previously known m the art. The invention disclosed 
herein further provides a highly developed suction tube 
for use m conjunction with the reactor apoaratus. 

Figures 1 • 3 depict a ^referreC embodiment of the 
invention of the earlier application As shown m Figure 
1. suction channel 15 is formed so as to pass from an 
upper end to a lower and of reactor block :Q and has an 
enlarged upper portion with shoulder 35 and internal clo- 
sure threads 39 Inlet channel 15 is formed through 
block 10 with its upper portion substantially parallel to 
and laterally offset from suction channel 15 and a lower 
portion at an angie so that the lower extremity of inlet 
channel 15 intersects suction channel \ 5 near its lowest 
point in reactor block 10. Vial-engaging threads id are 
formed within an enlarged lower portion of suction chan- 
nel 16 to receive a reactor vial 12 and also accommo- 
date the lower and of the angled lower portion of mlet 
channel 15. Reactor block 10 is preferably formed of a 
substantially inert material, such as stainless steel or 
TEFLON®, depending primaniy on the chemicals to be 
encountered. 

Gas channel 22 is formed through reactor block 10 
m an orientation to intersect an enlarged upper portion 
of inlet channel 15 and the enlarged upper portion of 
suction channel IS. In operation, gas channel 22 is filled 
with a low-reactivity gas. such as nitrogen or argon, un- 
der pressure. A flow-restrictive valve (not shown) is con- 
nected to an outlet end of gas channel 22 so as to main- 
tain pressure therein. Suction tube 1 Si having a filtration 
medium I6f. such as. for example, a sintered glass frit 
at its lower end. is inserted snugly into suction channel 
16 with its upper end residing above shoulder 35. Re- 
actor vial 1 2 is assembled to the lower portion of suction 
channel 16 by means of screw threads 14 to enclose 
sintered glass frit I6f. 

The elements shown in exploded relation in Figure 
1 act to secure and seal suction tube tat into reactor 
block 10. An annular sealing member 34. e.g. an 'o - 
ring, is placed snugly over the outer diameter of suction 
tube i6t to be in contact with substantially planar shoul- 
der 35. Pressure washer 32. having an axial channel 
passing from an upper planar end and terminating at a 
lower end as an internally conical cavity, is placed so as 
to engage the upper portion of sealing member 34. A 
lower sealing m mber. such as lower septum 30. being 
substantially impervious to liquid passage, is next 
placed upon pressure washer 32. Lower septum 30 is 
preferably formed of a penetrable laminated sheet hav- 
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mg a lower lay r of ^Bw reactivity polymer, e.g. T5 
FLON<8>. and an upper layer of a resilient polym r. e.g. 
silicone. 

Spacer 29. shown in detail in Figure 3. is assembled 
on lower septum 30. with upper septum 26 placed there- s 
upon. Spacer 29. as shown m Figure 3. is disc -shaped 
with a pair of parallel, planar surfaces An axial bore 52 
passes perpendicularly through spacer 2S and a pair of 
diametral bores 64, 55 are formed to be mutually per- 
pendicular and along a pair cf axes m a plane substan- to 
tiaily parallel to and between the planar surfaces of 
spacer 25. A channel 53 is formed to be open around 
the circumference of spacer 29. Bores 52. 34 So and 
channel 53 are mutually connected. When assembled 
into the apparatus of the invention, gas channel 22 is m '5 
fluid communication with diametral bores 54 56 by way 
of circumferential channel 5c to establish a pressure tn 
axial bore 52 for sealing lower septum 30 against leak- 
age. Upper septum 26 is of a similar laminate and similar 
orientation, being substantially parallel to lower septum 20 
30. Plug 24 having an internal conical entry 36 vertically 
formed through its center and external threads is reieas- 
ably attached into internal threads 39 acpiymg seaiing 
pressure to components 25. 25. 30. 32 and 34cescnbec 
above. 25 

When plug 2* is assemoled with the sealing com- 
ponents as discussed above, spacer 25 resides so as 
to oe substantially vertically centered en gas channel 
22. According to the detail cf spacer 25 shown :n Figure 
8. central bore 62 aligns with entry 36 cf plug 2* ana the 20 
inside diameter of suction tube 1 St. Perpendicularly re- 
lated diametral bores 54 and 55 intersect central bore 
62. and circumferential channel 53 is formed at the outer 
diameter of spacer 25 to connect the outer ends cf bores 
64 and 56. When assembled into reactor block 10 as 
described above, a pressurized gas in gas channel 22 
enters circumferential channel 63 and through ciametral 
bores 54 36 establishes a pressure in the enclosed 
chamber so as to prevent leakage of chemical compo- 
nents through the resoective upper and lower septa 25. ^ 
30. 

The upper end of inlet channel 13 is sealed with a 
similar septum 30. spacer 29. septum 26 and plug 24 
Thus assembled, reactor vial 12. inlet channel IS. suc- 
tion channel 16 and suction tube 161 compnse a sub- -s 
stantially sealed environment. 

In Figure 2. the sealing components which were il- 
lustrated in exploded relation in Figure 1 are snown in 
their assembled position. A hollow injecting needle JO 
is inserted into inlet channel 1 3. piercing througn flexible so 
septa 26. 30. A small amount of reactive slurry 44. com- 
prising a chemical reactant suspended in a liquid, is 
shown within reactor vial 12. Sintered glass frit 16/ ex- 
tends from within slurry 44 to a distance H above the 
surface 0/ slurry 44. Fnt 16/ is saturated with the liquid 
component of slurry 44 to height H due to the capillary 
action of the sintered glass matrix. The solid or semi* 
solid components of slurry 44 are filtered out by sintered 



glass fnt I6f. 

According to Figure 3. as additional slurry 44a is in- 
jected to the sealed system through needle 40. t n ad- 
ditional pressure created causes the liquid component 
of the slurry to rise within suction tub 16( by passing 
through saturated frit 16/. Chemical materials slurry 44b 
enclosed m suction tube I6t above frit 16/ are isolated 
from the balance of the system whicn is m reactor vial 
12. thus forming a separate, and less controllable, re- 
active environment In practice, the material of which 
septa 26. 30 is made does not maintain a complete seal 
once it has been pierced by injecting needle 40 When 
lower septum 30 has been pierced, needle 40 is re- 
moved, and the gas is maintained under pressure m gas 
channel 22. some of the pressurized gas infiltrates mlet 
channel 13 forcing the liquid of slurry 44 farther up suc- 
tion tube i6t. 

In order to keep all chemical components together 
and m balance curing the reaction cycle and thus ex- 
posed to common thermal and physical ac:icns. im- 
provements to the preferred embedment are next de- 
scribed as illustrated in Figures 4 5. 7 and 9 A major 
element of the present invention is suction filtration tube 
50. shown in detail in Figure 4 which is used m conjunc- 
tion with a suction neecle 50 of Figure 5 Suction tube 
50 has an upper portion 52 with an inside diameter 
which is substantially larger than diameter 0 of suction 
needle 50 {Figure 5). Upper portion 52 ;s connected co- 
axially to constricted portion 54 having an msice diam- 
eter 3 sufficient to slidingiy receive the lower pemon of 
suction neeale 50. Whereas the inside diameter of up- 
per portion 52 is somewhat large in the preferred em- 
bodiment, the invention recognizes that tube 50 would 
function according to the principles and objectives set 
out above with a constricted inside diameter throughout 
its length, such as diameter 3. Constricted-portion 54 is 
in turn connected coaxially to a filtration element, sin- 
tered glass fnt 50f. Upper portion 52 is preferably sub- 
stantially equal in its inside and outside diameters to the 
respective diameters of previously discussed suction 
tube 1 St of Figures 1 -3. A vent hole 56 of any convenient 
diameter is formed radially through the wall of full insid 
diameter portion 52. The outer diameter of constricted 
portion 54 may be similar to or different than the outside 
diameter of full inside diameter portion 52. Constncted 
inside diameter 9 is formed to be minimally greater than 
the outer diameter 0 0/ suction needle 50 {Figure 5). 
nominally 0. 1 mm (.004 inch). Fnt 50f is formed with a 
nominal pore size in the range of 70 - 100 pm. Suction 
needle 60 has concentric tubes with individual ports 61 
63 and respective lumen ports 31*. 53' 

The illustration of the invention in Figure 5 corre- 
sponds to the earlier discussed apparatus of Figure 3. 
including a particular modification to reactor block 10 of 
(Figure 3) and improved suction tube 50 (see Figure 4). 
As opposed to previously discussed reactor block 10 
(Figure 3V having suction channel 16 which, throughout 
its I ngth. snugly receives suction tube 16(. improved 
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reactor block 20 is formed with suction channel 46 at a 
diameter C in its upper portion which will snugly receive 
and firmly hold suction tube SO. The lower portion of suc- 
tion channel 48 is of a diameter £ sufficient to maintain 
clear space around the outer diameter C of suction tube 
SO for pressure equalization. The length of upper portion 
52 is adequate to pass downward from lower septum 30 
to within reactor flask 12. as the described components 
are assembled. Upper septum 26 is mounted on block 
20 m parallel relation to lower septum 30 at a separation 
distance so as to communicate with gas channel 22. In- 
ert gas passes under pressure between upper and lower 
septa 26. 30 which serve as sealing means to prevent 
leakage of the chemical components after the septa 
have been penetrated. 

As seen in Figure 5. hollow injecting needle 40 has 
penetrated both upper and lower septa to enter inlet 
channel 13. Slurry 44a is flowing through inlet channel 
IS to become slurry 44 within reactor vial 12. Frit 50f is 
saturated with capillarity drawn liquid, but no liquid is 
contained in ;he portions of suction tube SO above frit 
SOf Figure 9 is an enlarged view of the significant por- 
tion of Figure 5 illustrated for greater detail. As siurry 
44a flows into reactor viai 1 2 <or gas uncer pressure in- 
filtrates througn a perforated septum, as discussed 
above), upwardly directed pressure P is generated 
above the surface of slurry 44 This pressure is earned 
througn saturated fm SOf. as indicated oy arrow ?,. Si- 
multaneously, the pressure generated above siurry 44 
is transmitted through the space around suction tube 50 
and within suction channel 48 to enter vent hole 56 as 
indicated by arrow P 2 . Pressure P, and pressure P 2 are 
equal in magnitude and opposite m direction, resulting 
in equilibrium. Thus, a pressure balance is effected by 
the vented suction tube 50 together with the increased 
size of suction channel 43 during flow of fluid or leak of 
pressure into reactor vial 12. 

The suction needle SO, described above in relation 
to Figure 5. is shown in Figure 7 inserted into suction 
tube 50 through upper septum 26 and parallel lower sep- 
tum 30 in position to remove a resultant chemical com- 
pound from reactor vial 12. As suction neecle 50 is 
passed through constricted portion 54 of suction tube 
50. the minimal diametral space is sufficiently small to 
achieve a capillary seal and thus prevent drawing gas 
into needle 30 under vacuum. Suction needle 50 incor- 
porates dual lumens, one of which allows entry of air or 
other gas. thus enabling a pressure equalization during 
removal of chemical product through the second lumen 
under vacuum. 



Claims 

1. Apparatus for chemical synthesis compnsing: 

(a) a reactor block with a first channel and a 
second channel passing through said block. 



said second channel having a first inside diam- 
eter at a first end and a second inside diameter 
different than said first inside diameter at a sec- 
ond end thereof: 

(b) a reactor vessel removably connected to 
said reactor block in fluid communication with 
said first and second channels: 

(c) a suction tube sized internally to receive a 
liquid transfer needle and sized externally to fit 
m said second channel and having a filtration 
medium connected to a lower end thereof* 

(d) a first penetrable sealing means removably 
connected to said first channel and said suction 
tube: and 

fe) a second penetrable sealing means remov- 
ably connected to said second channel. 

2. The apparatus as claimed m claim 1 . wherein said 
suction tube further comprises a vent hole passing 
through a side of said suction tube to communicate 
with said second diameter of said second cnannel 
wherein said second diameter is greater man the 
external size of saic suction cuoe 

2S 3. The apparatus described in claim 1. further com- 
prising an annular sealing member mounted cir- 
cumferentially for securing said suction tube within 
said passage and operative to seal said tube to said 
reactor block. 

30 

4. The apparatus described in claim 1. wherein said 
first and second channels in said reactor block con- 
verge to an intersection in fluid communication with 
said upper portion of said reactor vial when ccn- 
25 nected to said reactor block. 

5; The apparatus as claimed in claim 1 . wherein said 
filtration medium is formed with a nominal pore size 
between 70 - 100 jam. 

6. The apparatus as claimed in claim 1. further com- 
prising a gas channel formed m said reactor block 
and connected between said first and second seal- 
ing means and filled with a gas under pressure for 

45 preventing leakage of liquids through each said 
sealing member after each said sealing means has 
been penetrated. 

7. The apparatus described in claim 3. further corn- 
so prising a pressure washer mounted on said sealing 

member and having an axial bore larger than the 
external diameter of said suction tube and having 
an internal conical cavity. 

8. The apparatus described in claim 5. wherein said 
gas has a low reactivity with respect to chemical in- 
gredients intended for use in said apparatus. 
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9. A suction tube for use in a chemical reactor appa- 
ratus, comprising: 

(a) a tube portion having an inside diameter 
sized to receive a liquid transfer needle, an s 
open first end. a longitudinal axis and a second 
end: and 

(b) a filtration medium connected in fluid com- 
munication with said second end. 

to 

10. The apparatus of claim 9. wherein said suction tube 
further comprises a vent hole formed through said 
tube portion intermediate said first and said second 
end. 

is 

11. The suction tube of claim 9. wherein said inside di- 
ameter is larger than an outside diameter of said 

• suction needle such that when said suction needle 
is inserted into said inside diameter m the presence 
of liquid, a capillary seal is established between said 20 
suction needle and said inside diameter. 

12. The apparatus as claimed in claim 9. wherein said 
filtration medium is formed with a nominal pore size 
between 70-100 um. 2$ 
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